The effects of core polarization and tensor coupling on the magnetic moments in 
Since the first discovery of Λ hypernuclei by observing cosmic-rays in emulsion chambers [1], hypernuclei -which are nuclei with one or more of the nucleons replaced with hyperons -have been used as a natural laboratory to study hyperon-nucleon and hyperonhyperon interactions [2, 3, 4, 5, 6] .
The magnetic moments of hypernuclei are important physics observables, since they are sensitive to spin and angular momentum structure as well as spin-dependent hyperonnucleon interactions. In particular, these quantities provide direct information about the properties of hadrons in the nuclear medium. The first study of hypernuclear magnetic moments was performed for light p-shell hypernuclei within a three-body cluster model [7] .
Thereafter, magnetic moments of light hypernuclei were theoretically studied within the shell model, and predicted to be around the Schmidt lines [8] . However, the Schmidt values are obtained from extreme single-particle model neglecting the core polarization due to a particle or a hole added. Therefore, magnetic moments of hypernuclei may differ from the Schmidt values, especially if exchange currents from heavier mesons or other exotic phenomena are considered [9] .
Relativistic mean-field (RMF) theory has been successfully applied in the analysis of nuclear structure for nuclei ranging from light to superheavy elements [10, 11, 12, 13, 14] , as well as for studies of the magnetic moments of doubly closed shell nuclei plus or minus one nucleon [15, 16, 17] . Hence, it is natural to apply RMF theory to study the properties of hypernuclei [18, 19, 20, 21, 22] , and in particular hypernuclear magnetic moments.
In the relativistic approach, the magnetic moments arise from a compensation of two effects, namely, the enhancement of the valence charged particle current due to the reduction of the nucleon mass and the contribution of an additional current from polarized core nucleons [15, 16, 17, 23] . However, this cancelation is not expected in a Λ-hypernucleus due to the charge neutrality of a Λ hyperon. Therefore, the polarized proton current induced by a valence hyperon causes the total magnetic moment to deviate from the Schmidt value. Such deviation has even been suggested as an indicator of relativistic effects in nuclei [24, 25] . However, these relativistic calculations omitted the tensor coupling of the vector field to the Λ [26] . The inclusion of a strong Λ tensor coupling will renormalize the electromagnetic current vertex in the nuclear medium, and bring the magnetic moment of Λ-hypernucleus with ℓ Λ = 0 close to the Schmidt value, though not for the case of ℓ Λ = 0 [27] . In addition, the Λ tensor coupling will give rise to a tensor potential which is very important for the explanation of the small Λ hypernucleus spin-orbit interaction [26, 28] .
In view of these facts, in this letter, we study the effects of core polarization and tensor coupling on the magnetic moments of Λ hypernucleus within a simple relativistic model with scalar, vector potentials and for the first time we also consider tensor potential.
The Dirac equation for baryons (B = n, p, Λ) with a tensor potential is given by,
where -where ℓ and j represent the orbital and total angular momenta respectively, m is the projection of j on the z-axis, τ denotes isospin and n refers to the radial quantum number -and is given by,
where G nκ (r)/r and F nκ (r)/r are radial wave functions for the upper and lower components and Y ℓ jm (θ, φ) denotes the conventional spinor spherical harmonics. Substituting Eq. (2) into Eq. (1) yields the following radial Dirac equations
with the tensor potential defined by U
. In a Λ hypernucleus, due to the charge neutrality of a Λ hyperon, the Dirac Λ current has no contribution to the Dirac magnetic moment, therefore the Dirac magnetic moment in Λ hypernucleus is only given by polarization currents from the nuclear core. The polarized electromagnetic current j em c can be approximated by summing the contributions from the perturbation due to the inclusion of Λ to all orders in symmetric nuclear matter as [16, 24] ,
where
v , k, σ and t, σ are respectively the momenta and spin of the nucleon and the hyperon. The Fermi momentum k F is given by the density distribution of the
N , with the scalar mass given by M * N = M N + S(r) [29] . The Dirac magnetic moment corresponding to the current in Eq. (4) is,
where the reduction factor B f (r) is due to the core polarization,
According to the Gordon identity,
, with p and p ′ being the momenta of the initial and final Λ [30] , the inclusion of a tensor coupling f Λv /g Λv = 1 will modify the vertex γ to be (p+p ′ )/2M Λ . After partly being canceled, the core polarized electromagnetic current in Eq. (4) is left with the core polarized convection current [27] ,
Therefore the inclusion of a tensor coupling modifies the Dirac magnetic moment in Eq. (5) as,
where Ω κ = 1 (−1), ℓ κ = −κ − 1 (κ) for κ < 0 (> 0).
In contrast, the tensor coupling and core polarization effects do not modify the anomalous magnetic moment explicitly [27, 31] ,
where the free anomalous gyromagnetic ratio µ B are respectively: µ p = 1.793, µ n = −1.913, and µ Λ = −0.613 in nuclear magnetons (n.m).
As Woods-Saxon potentials are reliable and often adopted for the description of nucleus, the scalar and vector potentials in Eq. (3) are chosen to be Woods-Saxon forms in order to examine the tensor coupling and core polarization effects, according to a naive quark model. In addition, tensor coupling between nucleons has been shown to be small [33] , and hence the effect thereof is neglected in this paper, i.e., In Table I , it is seen that there is a large difference between the Relativistic and Table I . the Schmidt magnetic moment. Such a difference is mainly due to the polarized Dirac magnetic moments shown in Table II . After taking into account the tensor effect on the current via Eq. (7), the difference almost disappears for the Λ hyperon in the 1s state.
Although this difference is greatly suppressed, there is still a 5% − 25% difference for a Λ hyperon in the 1p state. Using the hyperon wave function obtained from the Dirac equation either without or with the Λ tensor potential, the effect of U T Λ on the magnetic moment has been studied as in Table I . Although the tensor potential is very important in reducing the spin-orbit splitting, its effect on the magnetic moment via the wave function is less than 0.1%. As shown in Fig. 1 , for 1s 1/2 , 1p 3/2 , 1p 1/2 states of a Λ hyperon in As shown in Table I , the differences with the Schmidt values for both s Λ and p Λ states increase with the mass number, which is due to the reduction factor B f (r) in Eq. (6). As
−1 , i.e., large density distribution will lead to large B f (r). In Fig. 2 , the reduction factor B f (r) and the ratio B f /ρ N for Table I .
In summary, core polarization and tensor coupling effects on the magnetic moments have been studied within a Dirac equation with scalar and vector potentials for [2] R. E. Chrien and C. B. Dover, Annu. Rev. Nucl. Part. Sci. 39, 113 (1989).
[3] C. B. Dover, D. J. Millener, and A. Gal, Phys. Rep. 184, 1 (1989).
